Objective: An inherited profile of genes related to the response to aggressive environmental factors such as viruses and chemicals may be related to an increased susceptibility to Graves' disease (GD). Design and methods: This prospective case-control study was designed to examine the relationship between human herpesviruses (HHV) infection, determined by circulating DNA; tumour protein p53 (TP53) apoptotic ability; and detoxification system genes, and GD. We studied 280 confirmed GD patients paired to 284 controls with respect to environmental exposure. Exclusion criteria included medications that could interfere with thyroid function evaluation and a recent history of viral and bacterial infections. Results: A stepwise regression analysis adjusted for age, gender, and ethnicity established the inheritance of glutathione S-transferase pi 1 (GSTP1) (odds ratio (OR)Z3.423; 95% confidence interval (CI)Z2.120-5.527; P!0.001) and cytochrome P450, family 1, subfamily A, polypeptide 1 (CYP1A1) variants (ORZ1.649; 95% CIZ1.012-2.686; PZ0.0445) as significant risk factors for the disease. HHV-7 infection was much more common in GD patients (64.64%) than in controls (38.73%; c 2 , P!0.0001), and it increased the risk for GD more than three times (ORZ3.133; 95% CIZ1.959-5.011; P!0.0001). The inheritance of less efficient Pro/Pro TP53 gene variants significantly increased the risk of GD development (ORZ5.196;; P!0.0001) and also favored HHV-7 infection (ORZ2.835; 95% CIZ1.100-7.310; PZ0.0275). In addition, 72TP53 variants augmented the risk of GD relapse (ORZ1.860; 95% CIZ1.015-3.410; PZ0.0446). Conclusions: We suggest that an inherited genetic profile involving TP53 may favor HHV-7 infection and maintenance, which, in turn, may initiate and perpetuate GD autoimmune process.
Introduction
Autoimmune diseases arise as a result of the variable interaction of multiple predisposing genes and nongenetic factors, the latter being predominantly environmental factors.
Infections have long been invoked as an underlying etiology or trigger for the induction of autoimmune thyroid diseases (1) (2) (3) (4) . There is growing acceptance of a hygiene hypothesis which implies that the immune system is educated by multiple exposures to different infections allowing better controlled autoimmune responses (5, 6) . It is possible that multiple exposures to infections are necessary to train our immune system to perform well, but some infections are able to break the tolerance of susceptible individuals and allow autoimmune diseases to develop (7) . Specific infections could be a triggering factor to disease initiation by liberating antigens (via cell destruction or apoptosis), by forming altered antigens or causing molecular mimicry, by cytokine and chemokine secretion, or by inducing aberrant human leukocyte antigen (HLA)-DR expression and toll-like receptor activation (8) .
Human herpesviruses (HHVs) are ubiquitous with widespread tissue tropism and have been found in the thyroid, which can be a reservoir of latent HHVs (9) . HHVs have been isolated from 72.22% of thyroid tissue blocks of patients with Graves' disease (GD) and Hashimoto's thyroiditis (10) . HHVs type 6 and type 7 are highly prevalent in the healthy population with a cumulative probability for seropositivity of almost 100% in young age (11) . Like other infectious agents, HHV human antiviral response includes two reciprocal cellular programs: cell survival with the production of protective cytokines and apoptosis for the elimination of infected cells. Tumour protein p53 (TP53) gene plays a major role in the induction of apoptosis or cell cycle arrest in response to genotoxic stress and other types of stress. Much is known about the mechanisms by which viral proteins in transformed cells prevent the activities of p53 (12) . During infection, HHV-6B induces significant accumulation of p53 in both the nucleus and cytoplasm, and determines phosphorylation of p53 at Ser392 (13) (14) (15) . TP53 restricts the production of HHV-6B mRNAs and proteins, which inhibits viral replication and diminishes the cytopathic effects of the virus (16) . On the other hand, TP53 may also participate in the autoimmune process since DNA damage and apoptosis may be associated with autoimmune thyroid disease. Anti-p53 antibodies were detected in the sera of w4% of patients suspected of having autoimmune thyroid disease (17) .
We previously demonstrated that variants of codon 72 (72TP53) and codon 47 of exon 4 of TP53 (which decrease the ability of p53 to induce apoptosis) increased the risk for HHV-6 infection in renal transplant recipients (18) .
In addition, we recently demonstrated that a series of codifying genes of detoxification enzymes, including glutathione S-transferase pi 1 (GSTP1) and cytochrome P450, family 1, subfamily A, polypeptide 1 (CYP1A1), besides 72TP53 polymorphisms, were associated with an increased risk of GD (19) . Hence, we aimed to evaluate the relationship among HHV-6 and HHV-7 infections, TP53 apoptotic ability as represented by 72TP53 polymorphisms, the inherited profile of genes codifying for enzymes involved in the response to xeno-and endobiotics, and GD susceptibility and outcome.
Material and methods
This prospective case-control study was approved by the ethics committee, and informed written consent was obtained from the 280 GD patients and 284 healthy enrolled individuals. Individuals with a history of previous exposure to specific environmental or occupational risks, such as long-term exposure to solar radiation (more than 4 h/day for more than 3 days/week) or chemical products (such as pesticides, heavy metals, and organic solvents), and antecedents of autoimmune diseases other than GD were excluded. We also excluded individuals who were taking medications that could interfere with thyroid function evaluation, who came from areas of suspected iodine deficiency, who had a history of radiation exposure, or who had a recent history (2 months) of viral and bacterial infections.
Because ethnicity may influence the rate of HHV infection, we determined skin color, and, in accordance with the Brazilian Institute of Geography and Statistics, classified both patients and controls into white and nonwhite. Cigarette smoking habits were recorded, and both patients and controls were grouped into categories based on smoking history: never smoked and past smoker.
Patients
Two hundred and eighty Brazilian outpatients with clinical evidence of thyrotoxicosis, diffuse goiter, suppressed serum TSH levels, high serum free thyroxine (FT 4 ), total T 4 and triiodothyronine levels, thyrotropin receptor antibody (TRAb), anti-thyroperoxidase (TPOAb), anti-thyroglobulin (TgAb) antibodies, and elevated 24-h radioactive iodine uptake with homogeneous tracer distribution consistent with GD who were previously genotyped for glutathione S-transferase theta 1 (GSTT1), glutathione S-transferase mu 1 (GSTM1), GSTP1, CYP1A1, and TP53 codon 72 were enrolled in the study. Patients were either treated with antithyroid drugs (89 cases with methimazole and 56 cases with propylthiouracil), assigned to radioiodine therapy (133 cases), or assigned to surgery (two cases).
One hundred and ten patients presented with clinical evidence of eye involvement graded with NOSPECS classification as described in Table 1 (20) .
In order to investigate the influence of the different genotypes and virus infections on the outcome of the patients, we also evaluated GD patients' response to therapy. Patients were considered in remission when they presented clinical and laboratory evidence of stable euthyroidism or hypothyroidism in the absence of antithyroid drugs at least 12 months (average 17 months) after 131 I therapy, surgery, or one course or more courses of antithyroid drug therapy discontinuation. Table 1 Characteristics of the patients. Clinical features of 280 GD patients including gender, ethnicity, smoking history, and degree of eye disease according to NOSPECS classification; laboratory data including autoantibodies anti-thyroperoxidase (TPOAb), anti-thyroglobulin (TgAb), and anti-thyrotropin receptor (TRAb); and type of treatment (antithyroid drugs, therapy, or surgery). 
Number of patients Percentage

Controls
We included a control group of 284 healthy individuals selected from the general population of our region, and carefully compared them with the GD patients' group for risk exposure. Individuals who had any history or clinical suspicion of thyroid dysfunction were excluded. Patients and controls were paired upon a physical examination and the data obtained using a structured questionnaire that included questions about demographic and ethnic background; lifetime occupational history; smoking and dietary habits; alcohol, coffee, and drug consumption; physical exercise; drug and medicine use; general health conditions; reproductive history; and previous disease information. Twenty controls were randomly selected from the 284 controls for the evaluation of TSH, T 4 , and antithyroid antibody levels. All these 20 individuals presented normal thyroid function tests and were negative for thyroid autoantibodies.
Genotypes identification
HHV-6 was identified using previously described methods of DNA extraction from blood specimens (21) . In order to identify HHV-7, we used two sets of nested primers designed to amplify a sequence of the U10 region of this virus (22) . A positive HHV-7 control was obtained from a patient with active clinical infection. Positive serological tests and a negative control were included for each of the 16 samples. GSTT1, GSTM1, GSTP1, CYP1A1, and 72TP53 genotyping was performed using previously described PCR-restriction fragment length polymorphism (RFLP) methods (23) (24) (25) .
Statistical analysis
The statistical analysis was conducted using the SAS statistical software version 8.1. Associations were assessed using contingency table analysis; the c 2 or Fisher's (F) exact test was used to examine homogeneity between cases and controls regarding gender, ethnicity, medication use, cigarette smoking habit, and genotypes. The Kruskal-Wallis test was used to compare the ages among the groups. The Mann-Whitney or Wilcoxon test was used to compare the age and goiter size among the different genotype groups. The observed genotype frequencies were compared to those calculated using the Hardy-Weinberg disequilibrium theory. A transmission disequilibrium test calculation was employed to avoid population stratification (TZ0.5193). The sample size and power calculations for each gene were calculated using the PS software version 2.1.31. Variables that were significantly associated with GD incidence or outcome by univariate analysis were entered into a multiple logistic regression model in order to evaluate the effect of all genotypes and clinical risk factors, including sex, age, and cigarette smoking as independent predictors. A stepwise regression analysis adjusted for age, gender, and ethnicity was applied to further identify risk factors of GD or Graves' ophthalmopathy. All tests were conducted at the PZ0.05 significance level.
Since we evaluated associations with multiple genotypes, some associations would appear by chance. To correct for multiple comparisons, we calculated the falsepositive report probability (FPRP) for all associations observed to be statistically significant in the overall analysis or which seemed to differ within subgroups in the stratified analyses using the Excel spreadsheet provided by Wacholder et al. (26) . The FPRP depends on the observed result, the prior probability of an association, and the study's power of calculation. The calculations further assume that the power is to detect, under the dominant model, an odds ratio (OR) of 2.0 for each single nucleotide polymorphism (SNP) considering prior probabilities for association with GD according to the values calculated by the software to be noteworthy for each SNP. We considered a FPRP!0.200 to indicate a noteworthy association.
Results
There were no differences found between control individuals and GD patients regarding age (41.1 G16.5 vs 40.8G12.2 years), dietary habits, lifetime occupational history, smoking habits, physical exercises, or medical history. However, we were not able to organize a group of patients and controls to compare for all environmental exposure risks that was large enough to guarantee the power of calculation and also to avoid gender and ethnic disparity between the groups. There were more women (219 women -61 men versus 157 women -127 men) and fewer Caucasians (186 whites -94 nonwhites versus 233 whites -51 nonwhites) in the patients group than in the control group (c 2 , P!0.0001 for both comparisons). As a result, all further statistical comparisons were adjusted for gender and ethnicity.
Clinical characteristics and laboratory features of the patients are resumed in Table 1 .
The overall proportion of all genotypes and infected individuals, both in the control population and in the patients group, is presented in Table 2 . Through a multivariate logistic regression analysis adjusted for age, gender, and ethnicity, we identified GSTP1, CYP1A1, and 72TP53 variants and the presence of HHV-7 as significant risk factors for GD. The power of calculation for these variants was GSTP1Z100%, CYP1A1Z63.8%, and 72TP53Z48.5%, and all these variant-disease associations remained noteworthy as they presented FPRP values under 0.2 (24) . The association between the presence of HHV-7 and GD was very strong (power of calculationZ100%) and noteworthy (FPRPZ0.180).
In order to further examine the role of infection with the investigated viruses and other susceptibility factors to GD, we applied a stepwise regression analysis that confirmed the inheritance of GSTP1 variants and CYP1A1 variants as significant risk factors. HHV-6 infection rates were similar in GD patients (12.85%) and in controls (14.08%). However, HHV-7 was much more prevalent among GD patients (64.64%) than among controls (38.73%, P!0.001). HHV-7 infection increased the risk of developing GD by more than three times (ORZ3.133; 95% confidence interval (CI)Z1.959-5.011; P!0.0001).
In order to further investigate the relationship between autoimmunity and infection rate, we compared the autoantibodies profile of GD patients with and without HHV-7 infection. HHV-7 was demonstrated in 63.5% of the 259 GD patients with positive thyroid autoantibodies: 50% of the individuals presenting all three autoantibodies; 61.6% of the individuals presenting TPOAb; 60.1% of the individuals presenting TgAb; and 62.24% of the individuals presenting TRAb. No relationship between HHV-7 infection and any of the investigated thyroid autoantibodies could be established.
Considering that GD occurs more frequently in young adults, we compared the genotypes of patients under and over 25 years of age. A multiple logistic regression analysis adjusted for age, sex, and ethnicity identified the GSTP1 genotype as a risk factor in individuals under 25 years (ORZ14.726; 95% CIZ2.689-80.659; PZ0.0019), while in individuals over 25 years, GSTP1 (ORZ2.766; 95% CIZ1.756-4.359; P!0.0001), CYP1A1 (ORZ1.800; 95% CIZ1.109-2.923; PZ0.0175), Arg/Pro 72p53 (ORZ0.506; 95% CIZ0.337-0.760; PZ0.0010), and Pro/Pro 72TP53 (ORZ3.841; 95% CIZ1.383-10.667; PZ0.0098) appeared as susceptibility factors to the disease. A stepwise regression analysis confirmed that GSTP1 (ORZ3.338; 95% CIZ1.978-5.635; P!0.0001), CYP1A1 (ORZ1.812; 95% CIZ1.055-3.111; PZ0.0312), and HHV-7 (ORZ3.717; 95% CI Z2.229-6.197; P!0.0001) were significant risk factors for GD among individuals over 25 years.
Eye disease occurred more frequently in male patients (50.81%) than in female (36.74%) patients (c 2 , PZ0.0475). More than half (50.50%) of the patients presenting with ophthalmopathy were smokers Table 2 Proportion of GSTM1, GSTT1, GSTP1, and CYP1A1; TP53 polymorphisms; and human herpesviruses (HHV)-6 and HHV-7 among the patients and controls. (c 2 , PZ0.0061). Fewer patients presenting ophthalmopathy (7.8%) were also infected with HHV-6 compared to GD patients who did not present with ophthalmopathy (20.28%; c 2 , PZ0.0205). HHV-7 infection rate was similar in patients with (62.72%) and without eye disease (72.89%). A multiple logistic regression analysis identified smoking (ORZ1.930; 95% CIZ1. 165-3.197 ; PZ0.0106) as a factor of susceptibility for eye disease. We were not able to find any relationship between HHV infection, or any of the studied genotypes, and eye disease progression or the outcome of the patients with ophthalmopathy. Patients presenting the Pro/Pro 72TP53 variant had more than five times the chance of developing GD (ORZ5.196; 95% CIZ2.112-12.783; P!0.0001) and almost three times the chance of becoming infected with HHV-7 (ORZ2.835; 95% CIZ1.100-7.310; PZ0.0275).
GD patients
Two hundred and eleven patients were considered in remission, while the remaining 54 patients whose hyperthyroidism recurred during the time of observation (32G7 months) were classified as relapsed. A stepwise logistic adjusted regression analysis identified only 72p53 variants as an important risk factor for GD relapse (ORZ1.860; 95% CIZ1.015-3.410; PZ0.0446).
Discussion
We previously demonstrated that individuals with GSTP1 and CYP1A1 variants may be more susceptible to the effect of autoimmunity-inducing environmental or endogenous products (19) . Pro72TP53 homozygous inheritance was revealed as an important risk factor of GD, especially among smokers (19) . Using a subset of 280 GD patients carefully paired for exposure to environmental risk factors with a control group of 284 individuals, we confirmed the data and now demonstrate that HHV-7 infection is also associated with an increased susceptibility to GD. We suggest that HHV-7 may be taking advantage of the poorer apoptotic ability of 72TP53 variants to trigger the autoimmune process that leads to GD.
TP53 gene plays a key role in the protection of host cells against viral infection and antiviral immune response (27) . Polymorphisms of TP53 have been implicated in the development of a series of malignancies associated with viral infection (28) (29) (30) , thyroid cancer (31) , and some autoimmune diseases (32, 33) . A recent investigation reported an increased frequency of the Arg/Arg homozygous genotype for the TP53 codon 72 in 107 Hashimoto's thyroiditis patients as compared with 105 control Chinese individuals, but failed to observe any statistically significant difference concerning allelic or genotypic analysis for 90 GD patients (34) . Genetic profiles exhibit important ethnic and geographic frequency variations that may account for part of the inconsistent results reported by most studies (35) . Our data suggest that this polymorphism may be implicated not only in the initiation, but also in the perpetuation of the disease since 72TP53 polymorphisms were associated with GD outcome.
Herpesvirus infection might be involved in the pathophysiology of several chronic autoimmune inflammatory processes (36, 37) . Herpes infection potentially increases the efficiency of T cell activation through enhanced expression of co-stimulatory molecules, up-regulation of HLA expression on specialized antigen-presenting cells, and attraction of dendritic cells from peripheral to secondary lymphoid tissues. Continued activation of innate immunity against herpesvirus infection can also potentiate immune disorders.
In autoimmune thyroid disease, increased apoptosis has been proposed as one of the main mechanisms for both thyroid cell and infiltrating T cell programmers' death (38) . HHV-infected CD4 C lymphocytes display increased surface expression of tumor necrosis factor 1, resulting in apoptosis (39, 40) . The inheritance of less efficient TP53 genes significantly increases the risk of GD development and also favors HHV-7 infection and perpetuation, which, in turn, may initiate and perpetuate the autoimmune process in GD. However, we still lack evidence of the direct effect of herpes infection on thyroid cells. The detection of viral sequences in peripheral blood mononuclear cells may just reflect a higher viral load in the blood of these subjects and not an active infection. Alternatively, positive subjects may have a higher proportion of circulating CD4 C T cells, which are believed to be the main reservoir of HHV-6 and HHV-7 in blood. The correlation between HHV PCR and CD4 counts should be investigated, as well as the correlation between HHV-6 positivity and HHV-7 positivity.
Conclusion
Our data suggest that herpesvirus type 7 infection plays an important role in individuals with a genetic profile of susceptibility to GD. Consortia and international collaborative studies are necessary in order to overcome the limitations of our data and to further enlighten the multifaceted scenery of environmental risk factors for thyroid autoimmune diseases and genetic variations. Elucidation of the underlying mechanisms involved in this complex relationship may allow for the development of new etiologically based therapeutic modalities.
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